The initial descriptions of peroneal muscular atrophy as a nosological entity were made simultaneously by Charcot and Marie (1886) and Tooth (1886 Tooth ( , 1887 , although isolated reports of similar cases had appeared earlier. The disorder is generally considered to be characterized by the onset in childhood or adolescence of a symmetrical atrophic weakness of the small muscles of the feet and of the peroneal and anterior tibial muscle group. This is frequently associated with a cavus or equinovarus foot deformity and clawing of the toes. The calf muscles are not affected until later and involvement of muscles above the knee is usually limited to the distal third of the thigh. The rate of progression is slow, but with advance of the disease, the small hand muscles may be affected, resulting in a claw-hand deformity. Later, the wrist and finger extensors may become weak. The ankle jerks are lost early, but there is a relative preservation of the knee and arm jerks. Sensation may be diminished in a distal distribution, but is usually not severely impaired. Some authors have accepted cases with severe distal sensory loss and perforating ulcers as instances of peroneal muscular atrophy (Halliday and Whiting, 1909; England and Denny-Brown, 1952) . A mild associated ataxia has also been included as an occasional component of the syndrome, but more severe degrees of ataxia have generally led to such cases being classified as the Roussy-Levy syndrome (Roussy and Levy, 1926; 1934) .
Despite early doubts by Marinesco (1894) , the 68 condition of hereditary hypertrophic polyneuropathy (Dejerine and Sottas, 1893) was soon sharply demarcated from peroneal muscular atrophy (Dejerine, 1896) , and it came to be accepted that the disorders were separate entities. Yet there have been repeated descriptions of cases of peroneal muscular atrophy and hereditary hypertrophic neuropathy occurring in the same family (Pette, 1936; Van Leeuwen, 1943; Franqois and Descamps, 1949; Luban, 1952) , indicating that the demarcation on clinical grounds was not as simple as had been imagined. These disorders are rare and segregate clearly. It therefore seems reasonable to assume that despite the variety of clinical features, in any one family the affected individuals have in common the same genetic defect. The pathology of peroneal muscular atrophy has been the subject of considerable debate and will be considered later. Definite conclusions have been hampered by a paucity of autopsy studies. England and Denny-Brown (1952) considered that the conflicting opinions could be divided into those that upheld a primarily spinal pathology as opposed to those that favoured a peripheral neuropathy. They themselves concluded that the disorder was likely to be a 'radicular neuropathy'.
Early reports of measurements of motor nerve conduction velocity in peroneal muscular atrophy (Henriksen, 1956; Gilliatt and Thomas, 1957) recorded gross reductions in velocity, and this Lemmi (1963) , Dyck et al. (1963) , Earl and Johnson (1963), Blom et al. (1964) (Thomas and Calne, 1971 Gilliatt and Sears (1958) . All affected individuals showed abnormalities of sensory conduction, but this report will be confined to a consideration of motor nerve conduction velocity.
RESULTS
Observations were made on 20 families. Of 219 relatives seen, 63 were found on examination to be affected. The pedigrees suggested an autosomal dominant pattern of inheritance in 18 families and a possible autosomal recessive pattern in two. Nerve conduction was examined in 88 individuals. Abnormalities were confined to clinically affected individuals, although in a number of subjects the neurological signs were minimal. The ages of the propositi ranged from 10 to 58 years with a mean of 28. For the clinically affected relatives in whom nerve con- The results obtained for motor nerve conduction velocity in all affected individuals are shown in Fig. 1 . The number of observations is less for the peroneal than for the median nerve, as in 25 individuals the extensor digitorum brevis muscles were totally denervated. The distribution for both nerves is bimodal. The majority of individuals display a substantially reduced conduction velocity with a modal value of 20-24 m/sec for the median nerve and 10-14 m/sec for the peroneal. However, in both nerves, a small proportion of individuals fall into a group in which conduction velocity is either within normal limits or only slightly reduced, the corresponding modal values being 50-54 m/sec for the median nerve and 40-44 m/sec for the peroneal.
The values for conduction velocity in the median nerve in the propositi have been plotted No systematic attempt has been made to relate the values obtained for nerve conduction to the magnitude of the neurological deficit because of the difficulty in assessing the severity of the clinical involvement, but inspection of the data revealed no obvious correlation. The values for conduction velocity have been plotted against the age of the subjects for both group I and group IL in Fig. 3 . No correlation between conduction velocity and age is evident either in group I (r=017, P>01) or group II (r=009, P>0O1 The group with normal or only slightly reduced conduction velocity (group II) consisted of four families, in each of which the inheritance appeared to be of autosomal dominant pattern (Thomas et al., 1974) . In the group with substantially reduced conduction velocity (group I), the inheritance appeared to be of autosomal dominant pattern in 14 families and was possibly of autosomal recessive inheritance in two. If this is so, group II is itself genetically heterogeneous. Moreover, an analysis of the clinical features of the families displaying dominant inheritance in this group (Thomas et al., 1974) suggested that they may also be genetically heterogeneous. Thus, although in the majority there is little sensory involvement, in some families extensive sensory loss develops, leading to neuropathic ulceration of the feet. It is of interest that, despite the clinical indication of genetic heterogeneity, there was no clear indication of differences in conduction velocity between the constituent families in group I. In the two families with possibly autosomal recessive inheritance, conduction velocity in the two affected sibs in each family was closely similar, being 19 m/sec in the median nerve in both individuals in one family and 13 and 12 m/sec in the other. These values are not as low as those recorded for recessively inherited polyneuropathy of Dejerine-Sottas type reported by Dyck and Lambert (1968a) , where they were less than 5 m/sec. This supports the distinction made between the two conditions on clinical grounds.
Our results are comparable with those of Dyck and Lambert (1968a, b) , but conflict in certain respects with the findings obtained by Amick and Lemmi (1963) and Myrianthopoulos et al. (1965) . These authors reported individuals with reduced and with preserved conduction velocity in the same families. Myrianthopoulos et al. (1965) advanced the view that there is a spectrum of intergrading conditions which includes peroneal muscular atrophy, spinocerebellar degenerations, hereditary spastic paraplegia, and other disorders. Dyck and Lambert (1968a, b) recognized a separation into two groups similar to that obtained in the present study and also found that the values for nerve conduction velocity were consistent within families. In those cases with substantially reduced conduction velocity, nerve biopsies demonstrated extensive segmental demyelination and accompanying hypertrophic changes. They were therefore categorized as 'hypertrophic neuropathy of Charcot-MarieTooth type'. Nerve biopsies from similar families reported by Thomas et al. (1972) and Thomas et al. (1974) , all of which are included in group I of the present study, have also demonstrated the same histological changes. It has not yet been established whether the demyelination is of the primary type-that is, resulting from a disturbance of the myelin itself (or Schwann cell)-or whether it is secondary to an axonal disorder. Both of these mechanisms were suggested as possible explanations for the demyelination in hypertrophic neuropathy by Thomas and Lascelles (1967) . Evidence has since been presented (Dyck et al., 1970) that, in recessively inherited hypertrophic neuropathy of Dejerine-Sottas type, the demyelination may be of the primary type. The explanation in the dominantly inherited disorders, and in the recessively inherited disorders where the clinical features correspond to those of peroneal muscu-lar atrophy, is unknown. In the five families with dominantly inherited Charcot-Marie-Tooth disease studied by Nielsen and Pilgaard (1972) , the average values for motor and sensory conduction velocity in the median nerve were 23-6 and 19-8 m/sec respectively. They concluded that as these values were similar to those normally found at birth, the pathological process is likely to involve an impaired post-natal myelination of nerve fibres. The occurrence of concentric Schwann cell proliferation, however, indicates that repeated demyelination and remyelination must occur.
The causation of secondary demyelination is so far uncertain. Thomas (1971) postulated that it might either be the consequence of a failure of the normal axonal mechanisms that are involved in instructing the Schwann cells to produce myelin, or that it could be the result of a progressive dwindling in the size of the axon so that demyelination occurs, the Schwann cell then readjusting to produce myelin with a thickness appropriate to the altered axon diameter. No supporting evidence for a progressive reduction in axon size has so far appeared. Measurements of motor nerve conduction velocity over periods of up to three years (Amick and Lemmi, 1963; Nielsen and Pilgaard, 1972) have shown no significant change, although this may be too short an interval for these very chronic disorders. Evidence against the axon progressively dwindling in size derives from the lack of any correlation between conduction velocity and age found in the present series. Nielsen and Pilgaard (1972) , in fact, reported a positive correlation between conduction velocity and age. As emphasized by the latter authors, this is of interest as conduction velocity normally falls slightly with age (Wagman and Lesse, 1952) . If conduction velocity does remain relatively unchanged throughout the course of the disorder, this would favour the operation of a limiting factor. It is possible that the process of myelination is faulty so that the nerve fibrethat is, axon/Schwann cell complex-is unable to maintain more than a certain reduced level of myelination.
In the group of cases in which conduction velocity is normal or only slightly reduced, Dyck and Lambert (1968b) Full necropsy studies on peroneal muscular atrophy are few in number. Any cases in which hypertrophic changes were found at necropsy are likely in the past to have been designated as hypertrophic neuropathy and not as peroneal muscular atrophy. The postmortem reports will therefore be selected to include only those cases in which such changes were not present and they would thus fall into the present group II. The previous literature has recently been reviewed by Hughes and Brownell (1972) and they added four cases of their own. They discussed whether the process was a neuronal degeneration producing a primary loss of anterior horn and dorsal root ganglion cells, or a peripheral neuropathy in which there was an axonal degeneration that affected the peripheral portions of the axons in the first instance. On the basis of their own cases, they favoured the latter interpretation. While they observed loss of anterior horn and dorsal root ganglion cells, some of the anterior horn cells showed chromatolysis, which is not a feature of a primary neuronal degeneration such as motor neurone disease. Moreover, the maximal changes were observed in the peripheral nerves. They therefore believed that the process constituted a very chronic progressive peripheral neuropathy.
A patient examined in 1891 by Charcot died in 1958 at the age of 80 years. There were atypical features such that in later life she had developed unreactive pupils and bilateral optic atrophy. The necropsy findings were reported by Alajouanine et al. (1967) . They described loss of anterior horn cells in the lumbar region and to a lesser extent in the cervical cord, but a single dorsal root ganglion appeared normal. The lumbar roots, particularly the posterior roots, showed a loss of myelinated axons and proliferation of endoneurial connective tissue, but no hypertrophic changes of onion-bulb type were seen. The peripheral nerves and muscles were not examined.
It is concluded from the present study that peroneal muscular atrophy, as diagnosed clinically, is genetically heterogeneous. Insufficient observations have as yet been amassed to enable statements to be made about possible differences in the natural history of the subtypes, but a recognition of the genetic variety is a necessary preliminary to the investigation of the underlying metabolic derangements. Terminology must remain difficult until the subtypes are better categorized.
In the majority of families (group I), the disorder consists of a hereditary polyneuropathy in which demyelination is known to be a prominent feature. This is consistently associated with hypertrophic changes in the nerves. Although Schwann cell proliferation of this type is just an epiphenomenon of a chronic demyelinating neuropathy, its arresting histological appearances have in the past led to the designation of cases in which these changes have been found as hypertrophic neuropathy. It therefore would be acceptable to classify the present group I families as the hypertrophic form of peroneal muscular atrophy until they can be identified more exactly by biochemical or other abnormalities. The degree of nerve thickening in these cases is never as gross as it may be in the childhood onset recessively inherited Dejerine-Sottas neuropathy. The nerves may not be enlarged on palpation, but nevertheless hypertrophic changes are consistently demonstrable in nerve biopsies.
The categorization of the group II cases poses greater difficulties. It is evident that the disorder in these families involves a disturbance of the lower motor and primary sensory neurones causing either a polyneuropathy of 'dying-back' type or a primary loss of these neurones. The pathological evidence, so far as it goes, favours the former interpretation. The values obtained for motor nerve conduction velocity indicate that segmental demyelination is likely to be absent or scanty. The designation of these cases as the 'neuronal' form of Charcot-Marie-Tooth disease (Dyck and Lambert, 1968b ) is acceptable in the present stage of knowledge providing that it is appreciated that it merely serves to draw attention to the salient pathological difference between the two groups-namely, the presence or absence of extensive demyelination, upon which the differences in conduction velocity presumably largely depend. It 
